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This invention provides a method of recovering and purifying chymosin from fermentation used for microbial production 
of chymosin. The fermentation mixture is filtered to provide a filtrate containing the chymosin. The filtrate is first prepared by 
either adjusting it to a low pH, such as about 2 and/or adjusting the salt concentration of the filtrate to at least about 2M. The 
aqueous filtrate mixture is contacted with a phenyl-sepharose resin, which selectively binds the chymosin from the filtrate. The fil- 
trate remaining after the contact with the phenyl-sepharose resin is discarded, and the phenyl-sepharose resin column is eluted 
with water or dilute salt solution to obtain substantially pure chymosin in a single elution step. 
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CHYMOSIN RECOVERY AND PURIFICATION 

FIELD OF THE INVENTION 

This invention relates to the recovery 
and purification of chymosin from aqueous 
mixtures of enzymes, particularly aqueous 
mixtures of enzymes produced by fermentation 
5 processes. 

BACKGROUND OF THE INVENTION 
Chymosin has been separated and 
purified using various techniques. For 
example, calf rennet or rennet extracts have 

10 been purified using blue dye affinity ligands, 

as in U.S. Patent 4,666,843 to Subramanian or 
using a cellulose resin columns, as in U.S. 
Patent 4,745,063 to Birschbach. The same 
methods have been used to recover and purify 

15 microbially produced chymosin, as in U.S. 
Patent 4,743,551 to Subramanian and U.S. 
Patent 4,721,673 to Uren et al., respectively. 
The disclosures of these patents are 
incorporated herein by reference. 

20 However, in industrial or commercial 

scale production of chymosin by microbial 
activity these methods of recovery and 
purification of chymosin are inadequate. For 
commercial scale industrial production, more 
. 25 efficient , more economical methods of 

recovering and purifying chymosin are needed. 
It is^ also essential that such processes be 
adaptable to economic scale-up for commercial 
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production. 

Of particular interest in the 
industrial microbial production of chymosin is 
the production of chymosin by fermentation of 
5 filamentous fungi which have been genetically 

modified to express and secrete chymosin, as 
disclosed in U.S. Patent Application of 
Lawlis, et al. Serial No. 163,219 filed 
February 26, 1988, incorporated herein by 
10 reference. 

It is an object of this invention to 
provide efficient processes for the separation 
and purification of chymosin from aqueous 
mixtures enzymes, particularly aqueous 
15 mixtures produced by fermentation or other 
microbial activity and particularly for 
commercial scale production of chymosin. 

SUMMARY OF THE INVENTION 

This invention is a method for 
20 separating chymosin from an aqueous mixture of 
enzymes by contacting the aqueous mixture with 
a phenyl-sepharose resin to bind the chymosin 
to the resin and separating the resin and the 
bound chymosin from the remainder of the 
25 aqueous mixture. The chymosin is then eluted 
from the resin with water or a dilute salt 
solution. Before contacting the aqueous 
mixture of enzymes with the phenyl-sepharose 
resin, the aqueous mixture is prepared for the 
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resin contact in one of two ways. In one 
preparation, a concentrated salt solution is 
added to the aqueous mixture to increase the 
salt content of the mixture which enhances the 
5 effective binding of chymosin to the phenyl- 
sepharose resin. In another preparation, the 
pH of the aqueous mixture of enzymes is 
reduced to below about 3 before contacting the 
aqueous mixture of enzymes with the phenyl- 
10 sepharose resin. 

BRIEF DESCRIPTION OF THE DRAWING 
The drawing shows the elution of 
chymosin from phenyl sepharose resin in 
response to salt concentration. 

15 DESCRIPTION OF THE INVENTION 

This invention is described in terms of 
aqueous mixtures of enzymes which contain 
chymosin. The method of this invention is 
particularly useful with aqueous mixtures of 

20 enzymes obtained from microbial expression 

where the chymosin is produced intracellularly 
or from microbial expression where the 
chymosin is produced in the cells and secreted 
from the cells. A preferred aqueous mixture 

25 of enzymes useful in this invention results 

from the fermentation of microbial expression 
hosts which secrete the chymosin resulting in 
extracellular chymosin. The method of this 
invention may also be used to separate 

30 chymosin from aqueous mixtures of enzymes 



WO 90/15865 



PCT/US90/03377 



-4- 

obtained from other sources, such as from calf 
rennet extracts. 

In one preferred method of carrying out 
the present invention, a fermentation broth, 
such as from fermentation of Aspergillus 
Niger, is treated with sulfuric acid to reduce 
the pH to about 2. About 1 to 2% by weight 
(based on the weight of the total mixture) of 
acetic acid is added to stop the fermentation 
and effect a substantially complete cell kill. 
Then ammonium hydroxide is added to bring the 
pH to about 5.9. The mixture then is diluted 
to about twice its original volume with water 
and subjected to filtration to remove cells 
debris and other solids. A salt, preferably 
sodium chloride, is added either before or 
after the filtration to bring the liquid 
filtrate to a salt concentration of about 2M. 
The pH is maintained at about 5.9 and the 
liquid filtrate is contacted with a phenyl- 
sepharose resin column. The chymosin binds to 
the resin while the other enzymes and the salt 
solution pass through the phenyl -sepharose 
resin column and are discarded. The resin 
column is then washed with 2M sodium chloride 
and 50mM phosphate to maintain the pH at about 
5.9. After washing, the chymosin is eluted 
from the phenyl-sepharose resin column with 
water or with dilute salt solution such as 
5 OmM -phosphate. The chymosin is eluted in 
bulk; there is no need for a gradient or 
stepwise elution, because chymosin is the only 
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predominant enzyme in such mixtures of enzymes 
which binds to the phenyl-sepharose resin. 
The chymosin produced by this process is 
substantially pure and usually food grade, 
5 which needs only to be diluted with water, 

filtered and treated with sodium chloride and 
preservative to conform the product to the 
desired specifications for sale as a final 
chymosin product ready for industrial use. 
10 The resin column is then washed with 0.1M to 

about 1M sodium hydroxide, then washed with 
water and is reused for another batch of 
prepared filtrate. 



In another preferred method of carrying 

15 out the process of the present invention, the 

pH of the fermentation mixture is reduced to 
about 2 with sulfuric acid and about 1 to 2% 
by weight of acetic acid is added to stop the 
fermentation process and effect a cell kill. 

20 In this method, the pH of the mixture is 

maintained at about 2 while the mixture is 
filtered to remove the cell debris and other 
solids and produce a liquid filtrate 
containing a mixture of enzymes. After the 

25 filtrate is obtained from the filtration step, 

the pH is still maintained at about 2 while 
the filtrate is contacted with a phenyl- 
sepharose resin column. If desired, salts may 
be added to the filtrate before contacting the 

3 0 filtrate with the resin column. In some cases 
the addition of salt may enhance the binding 
of chymosin to the resin column. Examples of 



such salts are 0.5M ammonium sulfate or 0.5M 
sodium sulfate. Upon contact of the filtrate 
with the phenyl-sepharose resin column, the 
chymosin binds to the resin in the column 
while the other enzymes and the filtrate 
solution pass through the column and are 
discarded. The phenyl-sepharose resin column 
containing the bound chymosin is then washed 
with 0.2M sodium chloride solution. While the 
pH can be maintained at about 2 and raised to 
a desired level of about 5.9 after elution, it 
is preferred that the pH be raised at this 
point in the process to about 5.9 with a 0.2M 
phosphate solution. After the resin column 
has been washed and the pH adjusted, if 
desired, the chymosin is bulk eluted with 
water or a weak salt solution, such as 50mM 
phosphate solution. As above, the eluted 
chymosin is essentially pure and can be used 
for food grade applications. The eluted 
chymosin is diluted to the desired 
concentration, sodium chloride and a 
preservative added, and the solution filtered 
to provide the desired commercial product. 
Also as above, the resin column is then washed 
with 0.1M to 1M sodium hydroxide and then 
water to prepare the resin column for reuse 
with another batch of prepared filtrate. 

It will be recognized that the above 
descriptions are preferred methods of carrying 
out the process of the present invention and 
that numerous variations of the above methods 
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can be made in the process following the 
teachings of this invention. The various 
process conditions can be altered and reagents 
used can be changed to provide various desired 
5 or optimum operating conditions for recovery 
of chymosin from any suitable aqueous mixture 
of enzymes containing chymosin. The essential 
feature of the process however , is the use of 
phenyl -sepharose resin. The phenyl -sepharose 
10 resin has been found to be uniquely active and 
selective for binding chymosin from aqueous 
mixtures containing numerous other components 
and enzymes. Sepharose resins having other 
functional groups, such as octyl, have not 
15 been found to have the desired chymosin 
selectivity. While the scope of this 
invention is not to be limited or interpreted 
by the following theory, it is believed that 
it is the phenyl functionality on the 
20 sepharose resin which provides the high degree 
of selectivity for the chymosin. The phenyl- 
sepharose resin has been found to be 
particularly useful in separating chymosin 
from a fermentation broth because a fermenta- 
25 tion broth contains a wide range of other 
components, enzymes, and impurities. In 
contrast, such complex mixtures interfere with 
the action of anion and cation exchange 
resins, thereby rendering them ineffective in 
30 recovering chymosin from a fermentation broth. 

It has been found quite surprising in 
the present invention that chymosin is 
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essentially the only enzyme material present 
in a fermentation broth that will bind to the 
sepharose resin under low pH and/or high salt 
concentration conditions. Normally, a number 
5 of different enzymes and other materials will 
bind to sepharose type resins, then the 
desired-enzyme is recovered as a fraction by 
sequential, partial or stepwise elutions by 
gradually changing the pH and/or salt 

10 concentration of the eluting liquid. In that 
standard method, each enzyme is eluted at a 
different time, producing separate fractions, 
one or more of which will contain the desired 
enzyme to be recovered. Fractional elution 

15 also usually produces overlap of the fractions 

produced so that the desired product elutions 
may be spread at least partially into adjacent 
fractions, which reduces the amount of the 
total desired product that can be recovered, 

20 at least at a desired high degree of purity. 
Such fractional elution processes are not 
efficient enough for economical commercial use 
in large scale separations. 

In contrast to the above, it has been 
25 found in the process of this invention that 

chymosin is essentially the only component of 
a fermentation broth filtrate that binds to 
the phenyl-sepharose resin. Consequently, 
gradient or fractional elution is neither 
30 necessary nor desired in process of this 

invention; the chymosin can be bulk eluted. 
This process provides high recovery rates 
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because the phenyl-sepharose resin removes at 
least about 95% by weight of the total 
chymosin from the fermentation broth filtrate. 
This process is efficient because the chymosin 
5 can be quickly eluted from the resin column in 

one step without the need for fractional 
elutions. The resulting chymosin product is 
at least about 90% by weight pure and can 
prepared for commercial use without further 

10 significant treatment to remove impurities. 
The commercial chymosin product is usually 
diluted to about 5 grams per gallon or about 
1.5 grams/1 chymosin, the salt (usually NaCl) 
concentration is normally brought up to about 

15 18% and a preservative such as sodium benzoate 

is added. The final commercial product 
intended for food grade use usually is also 
subjected to a final filtration to remove any 
undesirable solids or particulates that may be 

20 present. 

Phenyl-sepharose resins are a well- 
known class of resins, also known as cross- 
linked phenyl-agarose resins. "Phenyl- 
Sepharose CL-4B" is a trademark for cross- 

25 linked phenyl-agarose resins of Pharmacia Fine 

Chemicals, AB, and as used herein "phenyl- 
sepharose" refers to any cross-linked agarose 
resin having a sufficient phenyl functionality 
to effectively bind chymosin from aqueous 

30 solution or suspension. 
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The phenyl-sepharose resin can be used 
in particle form in bulk having particle size 
in a range of about 40 microns to about 400 
microns and can be mixed with the aqueous 
mixture of enzymes to allow the chymosin to 
bind to the resin. The resin can then be 
separated from the aqueous solution, then 
eluted and recycled as described above. 
However, it is preferred that the phenyl- 
sepharose resin be used in the form of a 
packed column where the column contains 
particles of the resin having a particle size 
in the range of about 40 microns to about 400 
microns . 



As will be recognized by those skilled 
in the art, the acids, bases and salts 
referred to above in the description of the - 
process of this invention can be changed or 
substituted with equivalent acids, bases or 
salts which provide the desired pH or the 
desired salt content without interfering the 
operation of the phenyl-sepharose resin in 
this invention and which do not denature the 
chymosin. Also, as recognized by those - 
skilled in the art, the pH values referred to 
above can be modified within certain ranges 
and still obtain the desired results. For 
example, the fermentation broth can be 
processed and filtered at a pH of less than 
about 6, but it is preferred that the pH be 
less than about 3 and it is most preferred 
that the pH be maintained in a range of about 
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2. Likewise, where the pH is preferably 
adjusted to about 5.9 in the process, the pH 
at those points in the process can range from 
about 5 to about 6 and preferably between 
5 about 5.5 and about 6. Similarly, the 

concentration of the concentrated salts can be 
varied to provide the desired result. It has 
been found that the chymosin binds best to the 
phenyl-sepharose resin in the presence of a 

10 concentrated salt solution of at least about 1 
M and/or when the pH of the aqueous mixture is 
less than about 3. Normally, it is preferred 
to use sodium chloride because of its low 
cost; examples of other useful salts are Na 2 S0 4 

15 and (NH 4 ) 2 S0 4 . A preferred salt concentration 

of the solution is about 2M, although higher 
or lower molar concentration of salt in the 
aqueous mixture of enzymes, for example in the 
range between about 1 M and 2 M, can be 

20 effective in binding the chymosin to the 

phenyl-sepharose resin. In the elution step, 
it has been found that the chymosin can be 
easily eluted in a single or bulk elution from 
the phenyl-sepharose resin with water or with 

25 weak solutions of salt. It is believed that 
the chymosin binds best to the phenyl- 
sepharose resin when ion concentration in a 
salt solution is high and then is easily 
eluted when the ion strength of the chymosin 

30 on the phenyl-sepharose resin is reduced by 
eluting with water or dilute salt solution. 
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Having described the present invention 
in terms of the above preferred methods of 
carrying out the process of this invention and 
the variations thereof Invention is now 
illustrated with the following specific 
examples. 

EXAMPLE 1 

This example describes a chymosin 
recovery process to produce food grade 
chymosin. The chymosin is recovered from 
fermentation of an Aspergillus Niger var. 
awamori . The process is described in terms of 
a 3000 1 fermenter and a broth harvest volume 
of about 2500 1. When fermentation is 
complete, the broth is inactivated by pH 
adjustment to 2.0-2.5 with sulfuric acid and 
addition of acetic acid. (See U.S. Patent 
Application Serial No. 07/365,945, filed June 
13, 1989 by Lawlis et al., incorported herein 
by reference.) The inactivation conditions 
are held for 1 hour at the fermentation 
temperature and with air flow. This 
inactivation achieves sufficient viable cell 
reduction for containment to be broken. After 
inactivation the pH is adjusted to 5.5 with 
ammonium hydroxide. The inactivation and 
subsequent pH adjustment will require about 
125 kg of sulfuric acid, 25 kg of glacial 
acetic acid, and 80 1 of 28% ammonium 
hydroxide solution. 



WO 90/15865 



PCT/US90/03377 



-13- 

The inactivated broth is filtered using 
a rotary vacuum drum filter. The broth is 
diluted 2.5 x with deionized water (2500 1 to 
6250 1) . The diluted material is made 3% 
5 wt/vol with Manville Celite 545 and filtered 
through a Celite 545 precoat. The cake is 
washed to increase yields. The filtrate 
volume should, equal the starting feed volume. 

The filtrate is polished before the 
10 phenyl-sepharose resin contact step by using a 
two-step pad filtration. The filtrate is made 
6% wt/vol NaCl and 1% wt/vol HyFlo Super Cel 
and is filtered through SEN Supra 200 filter 
pads. The first stage filtrate is collected 
15 and pressed using Supra 50 pads. No filter 
aid is used in the second stage filtration. 

The clarified filtrate is passed 
through a 10 1 phenyl sepharose resin column 
("FAST FLOW L.S.", 40-100 micron particle 

20 size, from Pharmacia Fine Chemicals, AB) . 

After loading, the column is washed with 3 
volumes (30 1) of 6% NaCl solution. The 
column is then bulk eluted with 4 column 
volumes (40 1) of 50 mM sodium phosphate 

25 buffer at pH 5.5. The eluted chymosin 

solution is made 17% NaCl for commercial food 
grade use. 
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EXAMPLE II 

Using the same filtrate and phenyl 
sepharose resin as in Example I, this example 
illustrates a gradient elution of the chymosin 
5 from the resin. 



CONDITIONS: 

11.4 ML PHENYL SEPHAROSE RESIN 
LOADING AND ELUTION AT 5.0 ML/MIN 



TOT . TOT . 





# 


DESC. (NH 4 ) 


2 so 4 * 


CHU/L VOL. (ML) 


CHU 


MGS 




1 


START MAT. 


1 


1.62 


5000 


8.10 


105.30 




2 


VOID + WASH 


1 


0.03 


5000 


0.15 


1.95 


15 


3 


CHANGE pH 


1 


0.03 


50 


0.00 


0.02 




4 


FRACTION 


1 


1 


0.03 


10 


0.00 


0.00 




5 


FRACTION 


2 


0.9 


NA 


10 


0.00 


0.00 




6 


FRACTION 


3 


0.8 


NA 


10 


0.00 


0.00 




7 


FRACTION 


4 


0.7 


0 


10 


0.00 


0.00 


20 


8 


FRACTION 


5 


0.6 


0.12 


10 


0.00 


0.02 




9 


FRACTION 


6 


0.5 


0.61 


10 


0.01 


0.08 




10 


FRACTION 


7 


0.4 


6.48 


10 


0.06 


0.84 




11 


FRACTION 


8 


0.3 


34.04 


10 


0.34 


4.43 




12 


FRACTION 


9 


0.2 


93.9 


10 


0.94 


12.21 


25 


13 


FRACTION 


10 


0.1 


170.1 


10 


1.70 


22.11 




14 


FRACTION 


11 


0 


198.4 


10 


1.98 


25.79 




15 


FRACTION 


12 


0 


128.9 


10 


1.29 


16.76 




16 


FRACTION 


13 


0 


17.34 


10 


0.17 


2.25 




17 


FRACTION 


14 


0 


5.37 


10 


0.05 


0.70 


30 


18 


COMPOSITE 




50.02 


140 


7.00 


91.04 



(CHU = Chris. Hansen Unit) 

* Gradient: 2K to 0, as shown on the drawing. 

Total recovery of the chymosin is about 85% by 
35 weight. The drawing attached hereto shows the 
above elution of chymosin as a function of 
ammonium sulfate concentration and illustrates 
the ease of recovering the chymosin in a 
single elution. 
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EXAMPLE III 

Using a filtrate similar to Example I, 

the capacity of the phenyl sepharose resin 

under the following conditions is: 

5 Resin Capacity 

Conditions (ma chymosin/1 resin) 

2 M NaCl, pH 5.8 3,79 

1 M (NH 4 ) 2 S0 4/ pH 2.0 7.32 

This example illustrates that the preferred 
10 method for practicing this invention is at the 

low pH. 
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What is Claimed is : 

1 1. A method for separating chymosin from 

2 an aqueous mixture of enzymes comprising: 

3 (a) contacting the aqueous mixture of 

4 enzymes with a phenyl-sepharose resin for 

5 sufficient time to allow the chymosin to bind 

6 to the resin; 

7 (b) separating the resin and bound 

8 chymosin from the aqueous mixture; and 

9 (c) eluting the chymosin from the 
10 resin. 

1 2. A method according to Claim 1 

2 wherein a salt is added to the aqueous mixture 

3 of enzymes before contacting the mixture with 

4 the resin. 

1 3 . A method according to Claim 2 

2 wherein the added salt comprises an inorganic 

3 salt solution having a concentration of at 

4 least about 1M. 

1 4. A method according to Claim 1 

2 wherein the elution step includes the use of a 

3 dilute salt solution having a concentration of 

4 no more than about 0.5M. 



1 
2 

3 



5. A method according to Claim 1 
wherein the beginning aqueous mixture of 
enzymes is formed in a fermentation step. 
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1 6. A method according to Claim 2 

2 wherein the beginning aqueous mixture of 

3 enzymes is formed in a fermentation step. 

1 7. A method for separating chymosin 

2 from an aqueous mixture of enzymes comprising: 

3 (a) adjusting the pH of the aqueous 

4 mixture to less than about 3; 

5 (b) contacting the pH-ad justed aqueous 

6 mixture of enzymes with a phenyl-sepharose 

7 resin for sufficient time to allow the 

8 chymosin to bind to the resin; 

9 (c) separating the resin and bound 

10 chymosin from the aqueous mixture; and 

11 (d) eluting the chymosin from the 

12 resin. 

1 8. A method according to Claim 7 

2 wherein the resin and bound chymosin are 

3 washed before the elution step with a salt 

4 solution having a concentration of at least 

5 about 1M. 

1 9. A method according to Claim 7 

2 wherein the elution step includes the use of a 

3 dilute salt solution having a concentration of 

4 no more than about 0.5M. 

1 10. A method according to Claim 7 

2 wherein the beginning aqueous mixture of 

3 enzymes is from a fermentation step. 
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1 11. A method according to Claim 8 

2 wherein the beginning aqueous mixture of 

3 enzymes is from a fermentation. 
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